Since no direct chemical method is at present available for the quantitation of ACTH secretion, indirect indices have, of necessity, been employed. Although many physiological and biochemical changes are associated with an increased activity of the pituitary-adrenal system, only a few of these are applicable as a method for the detection of such activity.
different times following the application of a stimulus, it obviously offers opportunities for loss of activity through chemical changes to which the blood is subjected. That this occurs is suggested by the reports of Morruzzi and coworkers7 who claim to have demonstrated the existence of two types of ACTH in blood: (a) an "active ACTH," found mainly in normal subjects, which can be detected directly in the blood but which cannot be extracted and concentrated on oxycellulose, and (b) an "activable ACTH," found primarily in subjects with hypocorticism, which cannot be detected in blood directly, but can be estimated after activation and concentration with oxycellulose. Parrott,10 comparing the acid-acetone extraction with the oxycellulose extraction of ACTH, found good recoveries when these methods were applied separately, but a significant loss of ACTH activity occurred if both extraction procedures were employed on the same sample of plasma. Similarly, Gemzell, et al.,' using the acid-acetone extraction procedure, were unable to detect ACTH activity in 448 ml. of plasma from intact rats, whereas Sydnor and Sayers,' using the oxycellulose technique, were able to demonstrate activity in 12 ml. of blood from intact rats.
In an attempt to avoid these difficulties, a cross-circulation technique has been developed whereby the blood level of ACTH, in its natural state in the circulation, may be measured. The operative technique and apparatus used has been described in the preceding paper.2 The principle of the method is as follows:
If a normal rat is united with a hypophysectomized animal, the amount of ACTH in the blood of the intact rat can be estimated by the change produced in the adrenal ascorbic acid of the hypophysectomized partner. One adrenal is removed from the hypophysectomized Recipient before the crosscirculation and the second gland is removed after a known quantity of blood has been exchanged between the animals.
EXPERIMENTAL METHODS
Male rats of the Sprague-Dawley strain, weighing 200-300 grams, were used in these experiments. The "test" animal, (called the Donor), whose ACTH output was to be measured, was kept in a constant temperature room for at least one week prior to the experiment, and fed a diet of Purina chow and water, ad libitum. At the time of the experiment, the animal was anesthetized with sodium pentobarbital (Nembutal 60 mg./ml.), 5 mg./100 gm. body weight, given intraperitoneally. The Recipient "assay" animal was a rat that had been hypophysectomized 36-84 hours previously.
The operative cannulation procedure and apparatus for cross-circulation are described in detail in the preceding paper.'
By means of the dorsal approach, one adrenal was removed from the hypophysectomized Recipient prior to the cross-circulation. This adrenal served as the control gland and was dissected free of adhering tissue, weighed on a Roller-Smith torsion balance, and placed in 6% Trichloracetic acid for subsequent analysis of ascorbic acid concentration according to the method of Roe and Kuether. '1 Prior to the beginning of cross-circulation, both Donor and Recipient received intravenous injections of 1 mg. of heparin in a volume of 0.1 ml. At the end of the cross-transfusion of a specific volume of blood, the femoral blood vessels were tied off and the polyethylene cannulae were removed. Approximately 15-30 minutes after the end of the cross-circulation, the second or experimental adrenal gland of the Recipient was removed, cleaned, weighed, and prepared for subsequent ascorbic acid analysis. At the termination of the experiment, completeness of hypophysectomy was determined by a careful examination of the sella turcica. The results obtained from those experiments in which the Recipient was incompletely hypophysectomized were discarded. Using normal Donors and hypophysectomized Recipients, crosscirculation was established and varying volumes of blood, ranging from 5 ml. to 100 ml., were transferred from one animal to the other. The results of these experiments are presented in Table 1 . They indicate that a relationship exists between the volume of blood transferred and the percentage change in the adrenal ascorbic acid of the Recipient. Significant differences were obtained between volume transfers of 5 ml., 10 ml., 20 ml., and 40 ml. However, a blood volume transfer of more than 40 ml. did not further increase the adrenal response as judged by the ascorbic acid depletion method. It is interesting to note that 5 ml. of cross-circulated blood exerts no demonstrable effect on the adrenal of the Recipient, whereas an additional 5 ml. produces a marked effect.
By this method, a linear relationship has been found between the logarithm of the volume of blood transferred from the intact rat and the fall in adrenal ascorbic acid of the hypophysectomized animal (Fig. 1) . Examination of this linear correlation indicates that under the conditions of these experiments the Recipient does not begin to respond until more than 5 but less than 10 ml. of normal Donor's blood have been transfused; in other words, the method is insensitive to that amount of ACTH which is normally present in 5 ml. of the blood of normal cannulated Donors.
In experiments utilizing the cross-circulation technique, one of the important variables which must be evaluated is the duration of the cross- Table 1 effect of volume of blood cross-circulated indicates that as the volume of blood from normal Donors on percentage change in adrenal. ascorbic acid of cross-transfused is increased, the hypophysectomized Recipients. duration of the cross-circulation is increased concomitantly. Therefore, the increased response of the adrenal could conceivably be due to the prolonged duration of transfer of a given quantity of ACTH, which would thereby expose the adrenal to an increased concentration of the hormone for a longer period of time.
However, if the 24 experiments (see Table 1 ) in which a blood volume of 20 ml. was transferred are subdivided according to the length of time necessary to cross-circulate this volume into the Recipient (i.e., same amount of ACTH), then a change in the adrenal response will become evident if the duration of cross-circulation is a factor. Table 2 shows that the variations in the time necessary to transfer a given quantity of ACTH exert no appreciable effect on the adrenal response. Therefore, it would appear that under the conditions of these cross-circulation experiments, the adrenals responded to the quantity of ACTH released rather than to the duration of their exposure to changes in the concentration of ACTH in the blood.
The specificity of the adrenal ascorbic acid depletion test for estimation of ACTH in blood by means of cross-circulation was determined in another series of experiments. Hypophysectomized Donors and Recipients were prepared in the usual manner and blood volumes ranging from 20 ml. to 40 ml. were transfused from one animal to another. At the appropriate time after termination of the cross-circulation, the second adrenal was removed from each and the ascorbic acid value compared with that of the respective control adrenal removed prior to cross-transfusion. The results indicated that no adrenal ascorbic acid depletion occurred in response to the crosstransfusion of blood from two hypophysectomized animals. Therefore, it is apparent that the cross-circulation procedure itself does not contribute to the adrenal ascorbic acid response. The presence of a pituitary factor, undoubtedly ACTH, is essential and specific for the adrenal ascorbic acid depletion under the conditions of these experiments.
DISCUSSION
Many attempts have been made to measure ACTH in blood. In general, two types of extraction procedures have been utilized: those employing the acid-acetone plasma precipitation and those utilizing oxycellulose column elution of ACTH from plasma. The levels of ACTH activity reported by those workers using the oxycellulose technique8"1 are generally lower than those claimed by other workers using the acid-acetone procedure.' 8.9 Gray and Parrott' have investigated the recovery by acid-acetone of ACTH added to plasma; almost complete recovery was obtained. However, they were unable to prepare consistently active extracts from whole blood by this method, nor were they able to quantitatively recover ACTH that was added to whole blood. In addition, although Parrott,'0 using the acid-acetone method, was able to demonstrate quantitative recovery of added ACTH, she was unable to obtain positive regression between doses of extract.
In the investigation reported here, an excellent dose-response relationship has been demonstrated under standardized conditions by the crosscirculation of known amounts of blood between normal and hypophysec-tomized rats, using the change in adrenal ascorbic acid of the latter as the measure of the response. In these experiments 5 ml. of blood exerted no effect on the adrenal of the Recipient hypophysectomized partner, while 10 ml. gave a significant response. This is in agreement with the results obtained by J. Richards (unpublished results, cited by Sydnor and Sayers1'), who found that 4-6 ml. of blood obtained from the abdominal aorta of intact rats failed to deplete the adrenal ascorbic acid of hypophysectomized rats.
It should be pointed out that it is in no way assumed that the blood levels of ACTH estimated in normal animals under the conditions of the crosscirculation technique are the same as those present in normal unoperated animals. It is evident that the operative procedure of cannulation involves a "stress" which will increase the blood ACTH level. This level has been designated "basal" under the experimental conditions employed. However, this "basal" secretion is quite constant, and alterations in the rate of secretion of ACTH above and below this value may be demonstrated upon application of various experimental procedures. These will be reported in another publication.
SUMMARY
The blood content of ACTH has been estimated by means of a crosscirculation technique. If a normal rat is united with a hypophysectomized animal, the amount of ACTH in the blood of the intact rat can be estimated by the change produced in the adrenal ascorbic acid of the hypophysectomized partner. One adrenal is removed from the hypophysectomized Recipient before the cross-circulation and the second gland is removed after a known quantity of blood has been cross-circulated. By this method, a linear relationship has been found between the logarithm of the volume of blood transferred from the intact rat and the fall in adrenal ascorbic acid of the hypophysectomized animal. The ACTH present in 10 ml. of blood of a normal animal can be detected by this method.
